The simulation of the optical properties of ice clouds plays a crucial role in the interpretation of remote sensing data of cirrus clouds. In this work, a novel simulation code ( "Face-tracing") derived from raytracing was described and used to compute LIDAR depolarization and the extinction/backscatter ratio at 532 nm, as expected from randomly-oriented pristine and slightly deformed hexagonal prisms of various sizes and aspect ratios. By increasing the aspect ratio, the depolarization of pristine crystals was found to increase sharply from 0 (thin plates) to a maximum value (columns) at an aspect ratio of around 1, where an absolute minimum of extinction/backscatter ratio (corresponding to a maximum LIDAR backscatter efficiency) was also found. When including the far-field diffraction in backscattering simulations, pristine particles smaller than 100 μm showed depolarization and extinction/backscatter ratios comparable with the experimental LIDAR data of cold (T<30°C) polar cirrus. Recent in-situ observations showed the widespread presence of non-pristine hexagonal crystals in cirrus, stimulating the calculation of the backscatter properties of deformed particles by "face-tracing". Simulations for deformed hexagonal prisms showed in most cases a smaller depolarization and a higher extinction/backscatter ratio compared with those obtained for pristine crystals. A mixture containing variable proportions of pristine and deformed hexagonal prisms (with an aspect ratio of 1-2) resulted in a depolarizationextinction/backscatter scatter plot similar to the experimental one for cold polar cirrus.
The light backscattered to the "LIDAR" during the process was collected into cones with a common axis at Θ=180° with 1,5,10,50, and 100 mrad half-apertures. The half-aperture of the cone will be referred to as the "Averaging Cone" (AC) in the rest of this work. The backscattering coefficients (differential cross sections at Θ=180°) parallel (βp) and perpendicular (βs) to the laser polarization were computed separately for different AC. The LIDAR depolarization in this work is defined as: The GO part P g11 of the phase function P 11 (the solid angle normalization of the first component of the Stokes matrix) was computed by collecting the scattered light in the Θ∈[0 180 °] range, with a collecting resolution of ΔΘ= 1 °. The forward, transmitted peak obtained by GO was treated separately from the rest of the scattered radiation, and was not included in the normalization factor of P 11 , as suggested by Takano and Liou (1989) .
As obtained by ray-tracing, P 11g , δ and k are size-independent. The size-dependent forward diffracted part P 11d of the phase function was computed by smoothing out the Fraunhofer diffraction oscillations, by assuming a uniform distribution of isomorphic crystals with rectangular size distribution 0.7·l<l'<1.4· l. Forward diffraction was simulated by considering a circular aperture of diameter D s = π where S is the total surface of the particle. These assumptions were used to smooth the diffraction phase function P 11d , and had no effect in the rest of the LIDAR simulations. The forward diffraction lobe was added to the phase function obtained by ray-tracing in order to obtain the phase function P 11= (P 11g + P 11d )/2 (Takano and Liou, 1989) to be compared with the results of conventional ray-tracing codes. The extinction cross section (σ) was assumed to be twice the GO extinction (Van de Hulst, 1957) , in order to account for the forward diffraction. A comparison of P11 as computed by FTR with the ray-tracing results of Takano and Liou (1989) for a crystal of l=200 μm, a=40 μm showed a good agreement, with a maximum relative difference of 11% for any angular bin over the whole Θ∈[0 180 °] scattering angle range.
RESULTS FOR PRISTINE HEXAGONAL CRYSTALS.
FTR was extensively used to simulate δ and k for pristine, hexagonal ice crystals with different aspect ratios (AR), defined as: AR l a = 2 .
All simulations were carried out at 532 nm, assuming linearly-polarized incoming light. Several simulations were performed for the same AR using different (a,l) pairs, in order to estimate the effect of the size-dependent approximations of the code involved in the final results. The ratio R between the GO extinction cross section and the theoretical cross section was computed for any simulated crystal in order to assess the overall "energy loss" caused by numerical truncation an by the "insoluble" geometrical problems encountered by the code.
Theoretically, the GO cross section is equal to S/4. If the number of "insoluble" cases encountered by the code is negligible, R is close to R'. The ratio R/R' resulted in the 0.95<R/R'<1 range for 0.1<AR<100, meaning that a maximum energy loss of 5% was introduced by the software. In the case of usual plates/columns (0.1<AR<10), in 80% of insoluble cases the FTR routine aborted when the total energy diffused by the crystal differed less than 4% from the input one. The analysis of the crystal orientations at which insoluble geometrical problems occurred showed that this type of error can occur for any (ν, φ) orientation, with an almost random distribution in the (ν, φ) space. Even if it is impossible to define with precision an error for each FTR-simulated bin of the phase function (the missing contribution of aborted beams to each P 11 bin is obviously unknown), this analysis ensures that the relative error on P 11 due to "insoluble cases" is almost uniformly distributed throughout the whole phase function, and is of the order of 4-5%. The same error affects βp and βs, and the relative error on δ is thus expected to be of the order of 10% (0.1<AR<10). In the case of very long columns (10<AR<100), in 80% of insoluble cases the FTR routine aborted when the total energy diffused by the crystal differed less than 12% from the input one, and the maximum relative error on depolarization is thus of the order of 25%.
Results for depolarization were plotted for different AC as a function of AR (Fig.3) . For AR<0.2 (thin plates), LIDAR depolarization is very small (δ<<5%) for any AC. δ increases sharply for 0.2<AR<1, and becomes relatively constant for 1<AR<10 and AC<100 mrad . In the 1<AR<10 region, depolarization branches into very different values, depending on AC. The smaller the AC, the higher the depolarization. The depolarization is roughly comprised between 40-60% (AC=1 mrad) and 26% (AC=100 mrad) for 1<AR<10.
Results for AC =10-50 mrad were compared with the results of Takano and Jayaweera (1985) , obtained with a collecting angle ΔΘ=2° and similar AR: depolarization for columns agreed with the reference data (within 2% absolute error), while depolarization of plates was lower in the present work (16% against 26% of Takano and Jayaweera ,1985) . A good agreement was found with Takano and Liou (1995) and with the simulations of Hess et al. (1998) : by simulating almost pristine hexagonal crystals at 550 nm, these authors found a quite constant 30%<δ<34% for 1.3<AR<6, to be compared with the range 27%<δ<39% (AC>1 mrad) obtained in this work (Fig.3 ) Antarctic cold cirrus (T<-30°C) by Del Guasta et al.(1993) are shown as a gray bar.
The interpretation of Fig.3 requires the identification of the spatial orientations of the crystals that contribute to the backscatter. In Fig.4a and Fig4b the parallel backscatter βp and the depolarization δ associated with the backscattered beams are shown as functions of the spatial rotations ν and φ defined in Fig.1 . The (ν,φ) pairs leading to backscatter (Fig 4a) form a peculiar "Ψ" pattern with branches corresponding to different light paths within the crystal. The "A" branch originates from specular reflections. Branch "B" includes a wide range of "ray-paths": at low φ angles, simple paths are possible in which rays impinging a basal or a lateral face are refracted into the crystal and back-reflected to the first face after reflection on a basal face and a reflection on a lateral face ("plane skew rays" in the notation of Takano and Jayaweera (1985) ). These paths originate the "foot" of the "B" branch. The rest of the "B" branch originates from simple paths in which the ray hits a lateral face, is internally reflected by a basal face and a lateral one, and finally emerges as a backscattered ray from another lateral face ("spatial skew rays" in the notation of Takano and Jayaweera (1985) ). "B" branch (20°<φ<40°) produces most of the backscatter for a very narrow range of ν (ν≈30°, the ν angle at which, for φ=0, pairs of lateral faces are perpendicular to the laser light). A corner-reflector effect occurs in these conditions (Borovoi, 1999; Del Guasta, 1999) . The backscattered light is strongly depolarized (δ>50%) in the central part of branch B. The light is moderately depolarized (0%<δ<30%) in the upper part of the "B" branch, in which the long axis of the crystal is almost perpendicular to the laser light. The B branch determines backscatter and depolarization for pristine, hexagonal crystals. In branch "C", backscatter is produced by a short path within the crystal: the ray hitting a lateral face is reflected once or twice by the lateral faces, and reflected an odd number of times on the basal faces ("spatial skew rays"). This type of path produces small depolarization. A larger depolarization, but a small backscatter, is produced in branch "D", which corresponds to complex and long ray-paths (spatial skew rays) involving a large odd number of reflections on the lateral faces. The effect of increasing AC on the backscattered light is evident in Fig.4 : the number of crystal orientations generating backscattered radiation increases markedly for AC=100 mrad , but most of the new orientations produce a small depolarization. As a consequence, an overall depolarization decrease occur when increasing AC (Fig.3 ). In the case of thin plates, the depolarized branch D does not exists, and the strongest (depolarized) part of branch B is depleted. In plates, most backscatter derives from branch A and from the weakly depolarized branch C. As a result, (already pointed out by Takano and Jayaweera (1985) ), LIDAR depolarization is much smaller in plates than in columns, explaining the depolarization increase with AR shown in Fig.3 . Another feature of Fig.3 is the decreasing trend of depolarization when increasing AR at large AC. As shown in Fig.4 , a gradual thickening of all the branches of the "Ψ" plot occurred when AC was increased. In the case of large AR, the thickening did not occur in branch D. This effect was caused by the small probability that a light ray could follow the long and complex path within the crystal (a characteristic of branch D) and emerge as a backscattered ray. The relative thinness of the depolarized branch D, compared to the other branches, explains the decreased depolarization observed in Fig.3 for long columns with large AC.
From plots like those in Fig.4 , it is also possible to estimate the LIDAR properties of horizontally-oriented ice crystals, that are often encountered in cirrus. Since most depolarized backscatter is produced in the B branch, horizontally-oriented plates (0.01<AR<1) with a maximum tilt angle φ of 10° would produce a nearly-zero depolarization for any AC (Fig.4) . Plate depolarization increases up to the random 3-D values when the maximum tilt angle φ is increased above φ≈60°. In the case of columns, horizontal orientation means φ≈90°.
Also in this case, the depolarization produced by columns (1<AR<50) the major axis of which is horizontally oriented within a ±20° tilt angle is very small (δ<<5%) for any AC<200 mrad. These considerations show that a pure population of horizontally-oriented pristine crystals (0.1<AR<10, AC<200 mrad ) cannot explain the relatively large depolarization values observed in most polar cirrus (Fig.7) . For this reason, in the rest of this work, only randomly-oriented particles will be considered. depolarization for AC=10 mrad, φ=0.5° is associated with very weak backscattered beams, and is practically cancelled by the 100 times intense, specular reflection occurring at φ=0°).
The results of k simulations for pristine crystals (Fig.5 ) showed a relative minimum at AR=1 for any AC.
The observed k minimum shows that, for the same σ (same S), the maximum backward energy transfer occurs in "compact", cube-like hexagonal particles. Thin plates and long columns show a reduced backscatter because of the reduced extent of lateral faces and base faces, respectively. These results indicate that, in a population of hexagonal ice crystals of similar σ, particles with an unitary AR are the main contributors to the LIDAR backscatter and depolarization. . These relations connect the physical dimension of the hexagonal base of the particle with the angular spreading of the backscattered radiation due to diffraction. In cirrus clouds, particle size is comprised between a few μm and a few mm (Pruppacher and Klett, 1978) .
Recent measurements performed in cirrus (Heymsfield,1986; Platt et. al., 1989; Sassen, 1991; Arnott et al., 1993; Heymsfield and McFarquhar, 1996) showed that small ice particles (l<100 μm) are common in cold cirrus, and can dominate the size spectrum. By using a combined photometric-LIDAR technique in cold, subvisual and corona-producing cirrus, Sassen et al. (1989) and Sassen (1991) derived the size of the ice crystals involved (equivalent diameter 12-30 μm), suggesting also that AR was close to unit. Even if the presence of small ice crystals is widely accepted, the relative numerical importance of ice particles smaller than a few tens of microns is still uncertain, since the FSSP probes normally used for the sizing of small particles are known to give uncertain results in ice clouds (Platt and Spinhirne, 1989; Macke, 1993) . Despite this problem, several works have pointed out the presence of large amounts of ice particles with diameters smaller than 10-20 μm in cold cirrus by means of FSSP instruments (Platt and Spinhirne, 1989) . Recent works (Arnott et al., 1994; McFarquhar and Heymsfield, 1996; McFarquhar et al., 1999) have confirmed, furthermore, that the number size distributions of high cirrus particles are peaked around a diameter of 10 μm, or even less (Ström et al., 1997) . The size distribution often resulted bimodal, with a second peak at a diameter of 200-600 μm. In situ replicas showed that the largest particles in cold cirrus are often rosettes of columnar crystals. Fortunately, the scattering properties of rosettes are almost identical to those of the individual (hexagonal) branches (Macke, 1993; Iaquinta et al., 1995) , so that the scattering properties of complex crystals are not determined by their overall size and shape, but by the size and shape of their smaller branches. This result suggests that, even if 200-600 μm rosettes are present in cirrus, their scattering properties are similar to those of columnar crystals with a length of 100-300 μm (in principle, backscatter properties of rosettes could not follow this simple "rule", but a rosette branch is basically a hexagonal column with a deformed tip, and it will be shown in this work that δ and k are in this case close to those obtained for the pristine crystal).
The relative importance of the two ice crystal modes is crucial in LIDAR simulations. For a fixed crystal shape and AR, large particles show a GO extinction cross section proportional to the square of the length, and thus large particles are very efficient in producing LIDAR returns. Large particles also produce a narrow diffraction lobe in the backscatter.
The quantitative measurements of ice particles in the 1-20 μm range are still fragmentary, but most available results show that their modal concentration is 1 to 3 magnitudes larger than the modal concentration of large particles (equivalent diameter 100-400 μm). Large particles are scarce in high cold cirrus McFarquhar et al., 1999) , and were found to be absent in the young cold cirrostratus studied by Ström et al. (1997) . In order to dominate the LIDAR backscatter, the concentration of small particles must be at least 100 times the concentration of the 10-times-larger particles. This condition is apparently verified in high cold cirrus (Arnott et al., 1994; McFarquhar et al., 1999; Ström et al., 1997) , and the size distribution can be thus considered monomodal for FTR simulations.
The convolution of the GO phase function around Θ=180° with the diffraction-spreading function of the backscattered beams makes it possible to compute the correct AC to be used for computing δ and k. The convolution integral was approximated by Muinonen (1989) for different polyhedral particles of a generic size. If <D β > is much smaller than 100 μm, the first diffraction lobe is much wider than the aperture of the GO backscatter peak (this peak behaves as P 11~1 /sin(θ−180°⎜) and decreases by a factor 1/e within a few mrads from Θ=180°). In this case, the convolution could be replaced with a simple average of the phase function over a cone, the semi-aperture of which is assumed to be equal to the half-peak aperture of the spreading function (AC) . If particles of a 10-100 μm size are considered, AC is in the 100-10 mrad range. Fig.9 : the mixtures of pristine crystals show (k,δ) pairs that are close to those expected for AR=1, suggesting that the LIDAR backscatter is dominated by particles with AR close to unit. Despite the variability in ice particle shapes and sizes, it is not surprising that cold polar cirrus exhibit such a narrow range of LIDAR depolarization.. Another conclusion that can be drawn from Fig.9 it is that large AC values lead to a better agreement between simulated and experimental data. It must be pointed out that some points of Fig.9, that show an almost-zero depolarization, can be attributed to the dominating presence of large plates and/or horizontally oriented crystals. 
DEFORMED HEXAGONAL CRYSTALS
Pristine hexagonal crystals probably represent the equilibrium habit of ice in very stable atmospheric conditions. However, the coexistence of non-pristine crystals should be always considered, since in situ observations (Hallet, 1987; Konnen et al.; 1994, FIRE III) have shown the common presence of non-pristine ice crystals. Many types of irregular crystals have been used for ray-tracing studies (Peltoniemi et al., 1989; Takano and Liou, 1995; Macke, 1993; Macke et al., 1996; Macke et al., 1996; Mishchenko et al., 1996) . A general result from all these simulations is a reduced backscatter peak in the phase function of irregular particles compared with pristine crystals. This effect is due to the scarcity of both parallel and perpendicular faces in the irregular particles, that violates a necessary condition for a strong backscatter (Macke, 1993) .
LIDARs measure only the energy backscattered precisely at 180°, and thus this instrument is particularly sensitive to pristine crystals: a small quantity of these crystals could dominate the backscatter and depolarization from a cloud. A different matter is the ratio k: this quantity should increase when the number of irregular particles increases.
Since even a small deformation of the hexagonal crystals could deplete the backscatter, a simulation of the LIDAR return from a cloud composed of a mixture of pristine and slightly-deformed hexagonal crystals was performed. The goal was the interpretation of cold-cirrus LIDAR data in terms of almost-pristine hexagonal crystals. Macke et al. (1996) and Hess et al. (1998) simulated the scattering from deformed hexagonal crystals by introducing a random variation in the directions of reflected and refracted rays. This is roughly equivalent to the introduction of a surface "roughness" in the crystal. In this work, ice particles are assumed to have flat, polygonal faces without roughness. Since depolarization is quite constant for pristine crystals with 1<AR<10, a single hex column with AR=2 was used for the deformation test. Deforming columns with AR=1 produced very similar results for δ and a similar trend of k with deformation. The case of deformed thin plates was not considered, because (after some FTR tests) no significant increases of depolarization (that is, close to 0) occurred after deformation.
In this work, 6 different types of deformations were introduced:
-Type I: bullet-like deformation. The deformed particle is a truncated hexagonal pyramid, the 6 lateral faces of which are inclined by an angle α with respect to the crystal axis. α varied between 0° (pristine crystal) and 10° (Fig.10a ).
-Type II: The normal vector of a top-face of the hex crystal was tilted off axis by an angle α (Fig. 10b) . α varied between 0° (pristine crystal) and 10°.
-Type III: The normal vector s to both top-faces of the hex crystal were tilted off axis by an angle α, keeping the two faces parallel (Fig.10c) . α varied between 0° (pristine crystal) and 10°.
-Type IV: bullet-like deformation of one lateral face only. The face was inclined by an angle α with respect to the crystal axis. α varied between 0° (pristine crystal) and 10° (Fig.10d ).
-Type V: The interfacial angle between two lateral faces was changed from 60° (pristine crystal) to 90° , without changing the interfacial angles of the other faces (Fig.10e ).
-Type VI: Stretching of the hexagonal section. The interfacial angle between two lateral faces was changed from 60° (pristine crystal) to 90°. The other interfacial angles were changed in order to keep all the lengths of the sides of all the faces unchanged (Fig. 10f) .
Results of the FTR simulations of δ and k carried out on the 6 deformations are shown in Fig.10a to Fig.10f as functions of the increasing deformation angle α for different AC. All the deformed crystals (with the exception of type I) showed a marked backscatter peak in the phase function, making possible to extend also to these particles the approximated treatment of diffraction used for pristine crystals. 
Fig 10f
δ usually decreases for any AC when the deformation is increased (sometimes it increases with increasing deformation but in nearly all cases it is smaller than in the case of pristine crystals). If the deformation affected only the crystal tips, the depolarization was almost constant (Type II) or oscillated when the deformation was increased (Type III). The case of Type II deformation is important because it shows that when one of the two tips is "pristine", δ and k are almost the same as in the case of pristine crystals, suggesting that δ and k for an ice rosette are similar to the corresponding values for a single branch.
In most deformation types, depolarization decreases with deformation much faster at small AC than at larger ones. Very small deformations (e.g. Type I) caused a dramatic decrease in depolarization to almost zero for AC<10 mrad. When the deformation was increased, an increase in k occur in most cases. In some cases (Type I and Type III), this increase can exceed a factor 10, even with very moderate deformations. The increase in k reflects the decreased backscatter, since the extinction is almost constant despite the deformation.
The type V deformation produced a non-monotonic increase in k. In this case, k converged to 10 for any AC at 90° deformation (at this deformation, the deformed face became parallel to the opposite one).
The regular "Ψ" plot of pristine crystals became a very complex plot for most of the deformation types used.
The 6 deformation types used in this work obviously do not cover the possible range of slight deformations for pristine hexagonal crystals (hollow columns, some pointed columns encountered in rosettes, etc., are excluded), but they should represent a wide enough range of cases to be used for the simulation of LIDAR returns from clouds composed of almost pristine ice columns.
COMPARISON OF SIMULATIONS FOR DEFORMED CRYSTALS WITH LIDAR DATA OF COLD POLAR CIRRUS.
5000 different mixtures containing both pristine and deformed particles of the 6 types described (with all the different degrees of deformation shown in Fig.10 , for a total of 52 different deformations) were simulated for AR=1.5, 10 mrad<AC<100 mrad. The number concentration of each particle type was assumed to vary random from 0 to 99% of the total particle concentration. δ and k were computed for each mixture from the weighted sum of βp, βs, and σ of the 53 different particle types. In Fig.11 showed (δ,k) pairs comparable to those observed in cold cirrus (Fig.9) , the dispersion of LIDAR (δ ,k) data can be better explained by the presence of a mixture of pristine and deformed hex crystals. Fig.11 shows that simulations performed with AC<50 mrad do not reproduce the experimental data, while a better agreement was obtained with AC≥50 mrad. The results showed that a mixture of pristine and deformed hexagonal prisms with AR ≈1 can explain the cold cirrus LIDAR data in the hypothesis that most particles are smaller than about 100-200 μm.
The deformations introduced in this work failed to simulate the lowest depolarization data observed in cold cirrus ( Fig.10,11 ). These data may be due to the dominating presence of plates or small subspherical particles such as those observed by Ström et al. (1993) . The presence of crystals different from hexagonal ones is suggested, other than by in-situ particle collections, also by the absence of 22° halos in most cirrus (unfortunately, no visual observation of halos was available for the polar cirrus reported in this work). It should be stressed that the 22° halo is associated with the interfacial angles of the lateral faces of pristine hex crystals, and is expected also in the case of small (~10 μm) particles (Mishchenko and Macke, 1999) . Introducing deformations such as Types V and VI in this work (or any other deformation changing the interfacial angles) resulted in a smoothed halo, even if the basic shape of the ice particles was still the hexagonal prism. The phase function for a mix of Type V particles with AR=2, and deformation angles between 1° and 10° shows a 22° halo weaker by a factor 4-5, compared with that of a pristine crystal. An increase in the forward and in the side-scattering was also obtained. Similar results were observed by Hess et al., (1998) as a consequence of the introduction of "surface roughness" to the pristine hex crystals. The most efficient deformation in depleting the 22° halo was Type V. Deformations of Types I and III were very efficient in the depletion of the 46° halo. It is expected that a combination of the above deformation types could result in reduced halos.
CONCLUSIONS.
Use of the FTR technique made it possible to compute δ and k at 532 nm for a wide variety of pristine and deformed hexagonal ice crystals. When the AR of pristine crystals was increased, a sharp increase in depolarization occurred near AR=1. For 1<AR<10, depolarization resulted quite constant, with a value that depended on particle size. Depolarization from pristine crystals is thus a function of both AR and crystal size:
AR determines the depolarization for AR<1, while size dominates it for AR>1. The extinction/backscatter ratio k resulted size-dependent and showed a marked minimum for "compact" ice crystals (AR≈1) of any size. The different trend of δ and k with AR and particle size makes possible, in principle, the joint estimate of size and AR of populations of randomly-oriented isomorphic pristine crystals by comparing the experimental (δ, k) pairs with simulated ones (Fig.3, 5) . In practice, when mixtures of pristine crystals with different AR are considered, compact particles are much more efficient backscatter centers than plates or columns with the same total surface, and their presence dominates both δ and k. For the same reason, compact particles dominate the LIDAR δ and k even in presence of large quantities of deformed hexagonal crystals. In these cases, (δ, k) pairs barely permit a rough estimate of the particle size through the size-dependency of k.
From these results, it seems that the LIDAR quantities δ and k are not sensitive indicators of the cloud microphysics when "compact" pristine crystals are present in the cloud. This is apparently the case of most of the high, cold (T<-30°C) polar cirrus shown in this work. A deviation from the δ and k values characteristic of "compact" crystals is expected only when compact, pristine hexagonal particles are practically absent.
The presence of pristine and slightly deformed crystals in clouds is associated with a narrow backscatter peak in the phase function. The backscatter computed by GO is wavelength-insensitive, but when diffraction is considered, the backscatter should show a marked β( λ )≈λ -1 behavior. Irregular particles, without backscatter peaks in the phase function, should not show such a behavior. This difference could be used as a "fingerprint" for assessing the presence of pristine/slightly deformed crystals in LIDAR signals from ice clouds. Unfortunately, a wavelength dependency β( λ )≈λ -1 and some depolarization is also expected from a wide variety of irregular small aerosols different from hexagonal crystals, and an ambiguous interpretation of multiwavelenght LIDAR data could arise. In order to solve this ambiguity, a LIDAR with a high spatial resolution could be used to check the presence/absence of the corner-reflector light peaks expected from single, almost pristine crystals. Eloranta for his suggestions.
